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The Impact of Stent-graft Development on Outcome
of AAA Repair – a 7-Year Experience
T. Resch∗1, M. Malina2, B. Lindblad2 and K. Ivancev3
1Department of Surgery, 2Vascular Surgery and 3Radiology, Malmo¨ University Hospital,
Lund University, Sweden
Objective: to analyse the impact of stent-graft (SG) design and operator skill on the outcome of endovascular AAA
repair.
Design: prospective non-randomised open.
Material: a total of 158 patients (mean age 71) underwent SG repair. Patients were treated with five different types of
SG: first (n=58) and second (n=17) generation Ivancev–Malmo¨ monoiliac SG (IM I and IM II respectively) combined
with femoral-femoral crossover, Chuter bifurcated SG (n=15), Vanguard SG (n=15) and the Zenith SG (n=53).
Methods: patients underwent DSA and contrast CT preoperatively and were then followed with CT and digital scans.
Recently, one change in AAA diameter and endoleaks (EL) were recorded. Mortality, complications and secondary
interventions were recorded and life-table analysis for intervention-free SG survival calculated.
Results: immediate and late conversions as well as 30-day mortality were reduced for 2nd (Zenith and Vanguard)
compared to 1st generation SG (IM I, Im II and chuter). SG migrations occurred only with the IM I and Chuter SG.
Type I EL were significantly more common in 1st generation SG. First generation SG required significantly more
secondary interventions than 2nd SG up to 20 months post-operatively. The number of unplanned intraoperative
adjunctive manoeuvres was increased with 2nd SG.
Conclusions: enhanced SG design has improved the probability of SG success after endovascular AAA repair. Better
technical skills may also have contributed to improved results.
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Introduction Material and Methods
Between November 1993 and July 2000, 158 patientsEndovascular stent-graft (SG) repair of abdominal aor-
(140 men, 18 women) with a mean age of 71 yearstic aneurysms (AAA) has developed rapidly since its
(52–84 years) were treated by elective endovascularintroduction a decade ago.1 Custom-built, in-house
AAA repair of true AAAs and followed up at ourstent-graft systems constructed from separate parts
institution. Patients were treated with five differentoriginally intended for other use, have been replaced
types of stent-grafts: first (n=58) and second (n=by commercially manufactured products. The new
17) generation Ivancev–Malmo¨ monoiliac stent-graftsystems have often evolved from pre-existing designs
combined with femoral-femoral crossover bypass,with modifications based on clinical and experimental
Chuter bifurcated SG (n=15), Vanguard SG (Bostonfindings.
Scientific, Oakland, NJ, U.S.A) (n=15) and the ZenithParallel to the technical development of SG, ex-
SG (COOK Europe, Bjaereskov, DK) (n=53). All SGperience regarding placement as well as prevention
have been described in detail previously and only aand management of postoperative complications has
few critical differences will be mentioned here. Thebeen gained. The aim of this study is to analyse the
first generation Ivancev–Malmo¨ system (IM I) and theimpact that newer SG as well as improved operator
Chuter bifurcated system were unsupported polyesterskills have had on short- and midterm outcome of
grafts with Gianturco stents placed in the graft orificesAAA SG repair in a single-centre, 7-year experience.
only. Fixation was achieved by radial stent force and
short hooks and barbs placed on the top stent. The SG
was placed infrarenally. The Vanguard SG is made of∗ Please address all correspondence to: T. Resch, Department of
Surgery, Malmo¨ University Hospital, S-20502 Malmo¨, Sweden. a self-expanding nitinol endoskeleton covered by a
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Table 1. Stent-graft designs.
Stent-graft Top-stent Stent material Configuration Body Hooks/barbs
uncovered
IM-I (n=58) No Stainless steel Monoiliac Unsupported 4+4 (4 mm)
Chuter (n=15) No Stainless steel Bifurcated Unsupported 4 (4 mm)
Vanguard (n=15) 12 mm Nitinol Bifurcated Supported 6† (2 mm)
IM-II (n=18) 25–50 mm Stainless steel Monoiliac Supported 8+8 (8 mm)
Zenith (n=53) 22 mm Stainless steel Bifurcated/monoiliac Supported 8 (5 mm)
† These appendages are sutured onto the top-stent, not welded. The Ivancev–Malmo¨ II system allows for one or two uncovered top stents
both carrying eight sets of hooks and barbs. All stent-grafts used self-expandable stents and polyester grafts.
polyester graft. Six small barbs are sewn onto the top Ultrasonographic duplex scanning has substituted
the remaining FU.stent for additional fixation and the SG is placed
infrarenally. The second generation Ivancev–Malmo¨ All preoperative and FU radiological and clinical
data were recorded prospectively in a computerbasedSG (IM II) and the Zenith SG are fully supported SG
with an endoskeleton consisting of multiple Z stents. database protocol. Patients gave informed consent to
all procedures and radiological studies.The top stent has long barbs (Zenith) or long hooks
and barbs (IM II) and provides the option of placing
an uncovered top stent across the renal arteries. Table
1 displays the characteristics of the appendages on the
Measurementsproximal stent for the different systems. Initially, all
procedures were performed by a team of an ex-
Preoperative measurements of maximum aneurysmperienced interventional radiologist (KI) and a vas-
diameter, aneurysm neck length and diameter as wellcular surgeon (BL). The last 3 years, two vascular
as neck angulation were recorded. Vessel diameterssurgeons trained in endovascular techniques have also
were obtained from axial CT cuts and measurementsjoined the team.
were made on hard copy films with calipers and a cmMedian radiological FU was 638 days (range 301–
scale provided on the film. Aneurysm angles were1105) and is shown separately for each SG in Table 2.
obtained from preoperative DSA.Minimum FU was 1 month for each of the 158 patients.
Imaging Migration
During the first 612 years, patients were evaluated A SG migration was defined as movement of the top
preoperatively with intra-arterial digital subtraction stent distally >5 mm as measured on axial CT scans
angiography (DSA) and contrast-enhanced spiral com- compared to the first postoperative CT scan.
puted tomography (CT). Follow-up (FU) consisted of
CT scans at 1, 3, 6 month postoperatively and every
6 months thereafter. DSA was performed at 1 month
and 1 year postoperatively and whenever indicated. Outcome measures
During the last 6 months of the study period the FU
protocol was changed to CT scanning at 1 month and The outcome measures were: immediate conversions
1 year postoperatively and annually thereafter. to operative aneurysm repair, late (>30 days post-
operatively) conversions, mortality within 30 days
Table 2. Radiological follow-up. postoperatively for any reason, SG migration, number
of patients subjected to secondary intervention (ex-Stent-graft Median follow-up IQR
(months) cluding conversion) including both endovascular
(placement of stents or stent-grafts, thrombolytic man-
IM-I 30 14–46 oeuvres and embolisation procedures due to persistentChuter 54 30–61
Vanguard 31 29–37 endoleaks) and open surgical reinterventions. In ad-
IM-II 26 24–31 dition, the change of AAA diameter one year post-
Zenith 7 5–12 operatively as well as the occurrence of endoleaks was
IQR=interquartile range. analysed.
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Table 3. Adjunctive intraoperative procedures. pulmonary disorder, diabetes, heart failure, hyper-
tension, previous myocardial infarction, smoking). TheStent-graft Number of procedures
median AAA diameter was 55 mm (50–66 mm). The
IM I (n=58) 20 (34%) preoperative morphologic evaluation showed no dif-
Chuter (n=15) 3 (20%) ference in maximum AAA size (p=0.13), infrarenalVanguard (n=15) 13 (87%)
IM II (n=17) 8 (47%) neck length (p=0.24) or angulation between AAA and
Zenith (n=53) 23 (43%) the infrarenal neck (p=0.18) between the groups. The
infrarenal neck diameter however, differed sig-IM, Ivancev–Malmo¨.
nificantly between the groups being larger in the IM
Statistics I and II groups and smaller in the Vanguard group
(p=0.002). The latter is explained by the inclusion
All statistical analysis were performed in StatView criteria for the SG.
5.0 (Abacus Concepts, Berkeley CA, U.S.A.). Normal
distribution was not assumed. Values are given as
median with interquartile range (IQR) in parentheses Operative mortality and conversions
if not otherwise indicated. Mann–Whitney U-test was
used for non-paired comparisons and Wilcoxon sum There were seven (12%) immediate operative con-
rank test for paired comparisons. For comparisons versions in the IM I group and one (7%) in the Chuter
between more than two groups Kruskal–Wallis test group. In the remaining groups no immediate con-
was used. Kaplan–Meier analysis was performed and versions were required. Perioperative mortality (<30
statistical significance calculated with a Peto-Wilcoxon days) was six (11%) in the IM I group and one (7%)
test which weighs the survival curves with the number in the Vanguard group the other groups having no
at risk. The follow-up time for conditional cumulative perioperative mortality.
incidence of secondary intervention by SG type was The number of intraoperative adjunctive man-
truncated at 20 months, because the longest FU period oeuvres (stents and stent-grafts) for each SG is sum-
for the most recent SG (Zenith) was 20 months. Events marised in Table 3.
(secondary interventions/death) that occurred after 20
months were censored, and the follow up time for
these patients was set to 20 months. Patients who did
Secondary interventionsnot experience any events after 20 months also had
their follow-up time set to 20 months. Exact p values
The number and type of secondary interventions (op-are given and considered significant when pΖ0.05.
erative and endovascular) is summarised in Table 4.
The Kaplan–Meier curves for the different SG are
shown in Figure 1. A significant difference (p=0.021)Results
was seen in the need for secondary interventions when
comparing all the stent-grafts. Patients operated withPreoperative characteristics
the Zenith and Vanguard SG had a lower risk of
secondary intervention compared to the other threeNo difference was found between the groups with
regard to comorbid conditions (chronic obstructive SG (Peto-Wilkinson test p=0.0005).
Table 4. Number of patients receiving secondary interventions.
Intervention IM-I Chuter Vanguard IM-II Zenith
(n=58) (n=15) (n=15) (n=17) (n=53)
Stent 15 (26) 4 (27) 3 (20) 6 (35) 2 (4)
SG 5 (7) 2 (13) 4 (27) 2 (12) 1 (2)
Thrombolysis/thrombectomy 1 (2) 1 (7) 2 (13) 2 (12) 1 (2)
PTA 5 (7) 1 (7) 0 2 (12) 0
Groin exploration 6 (9) 2 (13) 0 1 (6) 0
Embolisation 8 (14) 2 (13) 0 2 (12) 1 (2)
Late conversion (>30 days) 9 (14) 6 (40) 0 0 0
SG, stent graft extension (proximal or distal). Stent, bare stents, self-expandable or balloon-expandable placed for kinks or endoleaks. The
numbers indicate the number of patients undergoing secondary intervention. Some patients have received one or more of any combination
of interventions and is represented in several cells in the table. However, if the patient has undergone more than one intervention of the
same type on the same occasion, it is only counted once in that category. Numbers within parentheses in each cell represent percent
within each SG type that has received this specific intervention.
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Excluded aneurysms decreased in maximum dia-
meter by mean 6 mm (range +3–−19 mm) at 1 year
FU with no difference seen between the different SG
types. As described previously3 non-excluded an-
eurysms increased in size in the presence of type 1 EL
and remained stable or decreased in size in the pres-
ence of type 2 EL.
Discussion
The first ten years of endovascular stent-grafting has
shown good short- and midterm results. Immediate
conversions to open repair have become rare and
operative mortality rates are low. However, a sub-
stantial number of patients return for secondary pro-
cedures due to SG failure.4 The problem is that a
number of different stent-grafts have been used and
reports come from centres differing vastly in ex-
perience. However, a recent paper from May and
coworkers indicates that new SG designs perform
Fig. 1. Kaplan–Meier curves for the five different types of stent-
better.5grafts studied. Number at risk at t=0, 12 and 20 months:
In the current study we report a 7-year clinical
t=0 t=12 t=20 experience of stent-grafting using five different stent-
graft systems. Even though patient selection has re-Zenith 53 20 1
Vanguard 15 11 8 mained basically the same, immediate complications
IM-II 17 9 7 and secondary interventions have reduced signif-
Chuter 15 6 6
icantly. Many possible explanations for this exist.IM-I 58 27 16
The number of unplanned intra-operative adjunctive
procedures has increased with the introduction of new
SG designs. The reason for this is difficult to assessEndoleaks and proximal stent-graft migrations
objectively. Our impression is that we now place far
greater demands on the operative end-result than inSG related endoleaks, defined according to White et
al.,2 were significantly more frequent in the IM I and our early experience. The knowledge we have ac-
cumulated with regard to what minor intra-operativeChuter groups than in the other groups (p=0.03). No
difference was seen in the number of type 2 EL between “imperfections” can produce in terms of complications
during FU has made us less hesitant to perform ad-the groups (p=0.44). Distribution among subtypes of
endoleaks is shown in Table 5. ditional intra-operative procedures. Obviously, the
improved technical skills have also left us more com-Distal migrations of the proximal portion of the SG,
as defined above, was seen in 52% of IM I (n=22), fortable in doing these extra procedures. Recently
the addition to our institution of an operating room64% of Chuter (n=9) but in none of the IM II, Vanguard
or Zenith patients. In one Vanguard patient the prox- equipped with full angio-suite capabilities also makes
it possible to detect smaller leaks or flow problemsimal portion of the SG collapsed in an accordion-like
fashion creating a migration-like displacement. that can be corrected immediately.
Table 5. Endoleaks.
Stent-graft Type 2 endoleak Proximal type 1 Distal type 1
endoleak endoleak
IM-I (n=42) 10 (24) 7 (17) 6 (14)
Chuter (n=14) 3 (21) 1 (7) 2 (14)
Vanguard (n=15) 0 (0) 0 (0) 0 (0)
IM-II (n=17) 4 (24) 2 (12) 0 (0)
Zenith (n=53) 6 (11) 1 (2) 1 (2)
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We also believe that the technical development of and the results of the current study imply that they
may also contribute to improved clinical results.SG has been important for improving the results. In
The major limitation of this study with regard tothis study we have shown that the number of SG
the life-table analysis is the comparatively short followmigrations has reduced significantly with the use of
up in the Zenith group. Even though the statisticalnewer SG designs. Since the migrations in the early
analysis used compensates for this to a certain degreeseries led to a number of serious complications such as
and the fact that over 80% of the postoperative com-endoleaks and aneurysm rupture requiring secondary
plications in the other groups occurred in the first 18interventions, the latter may also have reduced as a
months the long-term durability of a SG is what reallyresult. The authors have in two previous studies shown
matters. Data from longer follow up must continue tothe impact on fixation of adding appendages such as
be collected and reported to achieve a full picture ofhooks and barbs to SG.6,7 An increase in the number
the definitive outcome.of appandages as well as their design (thickness, an-
In conclusion, we have found the improved technicalgulation, sharpness etc.) increased the fixation in an
skills in combination with better SG design has im-experimental setting. In addition, ballooning of the SG
proved the probability of SG success after endo-post deployment also increases fixation. Others have
vascular AAA repair.shown that an increased area of a stent in contact with
a vessel wall increases stent fixation.8 In a clinical
setting this corresponds to the increased attachment
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